Abstract. The photodegradation of humic acids (HA) 
Introduction
Humic acids (HA) are ubiquitous in nature environment such as sediments, soils, and waters, and play an important role in environmental chemistry and pollutant chemistry in aquatic systems [1] . HA has a significant effect on the degradation, mobilization, and transportation of coexisting pollutants or heavy metals.
Wu et al. [2] investigated the oxidation of HA using Fenton's process and applied a new kinetic model for HA degradation. However, the use of H 2 O 2 is of high cost. Several studies have reported that Fe(III)-oxalate complex, one of natural photosensitizers, can generate strong oxidant species, such as hydroxyl radical (•OH), via a series of photochemical reactions upon sunlight irradiation [3, 4] . It has been well proven that variouse contaminants (e.g. orange G, benzotriazoles, and amicarbazone) could be photodegraded by Fe(III)/oxalate system [5] [6] [7] .
The issues addressed in this study were as follows: (1) Procedures. A certain amount of HA, Fe(III) and oxalate solution were filled into the reaction vessel. Degradation experiments were conducted at least twice. Samples were taken out at the given reaction time intervals and the absorbance of HA was analyzed by measuring the UV-vis spectra at λ=254 nm using UV-vis spectrophotometer.
The formula of degradation rate is shown as following.
% Degradation= 
Results and discussion
The influence of oxalate and Fe(III) concentrations on HA photodegradation. It is well accepted that photodegradation of a trace organic pollutant in aqueous solution follows the first-order kinetic model (Eq. 1) well due to the relatively low substrate concentration compared to the quantum yields. [6] The C 0 and C are the concentration of HA at time 0 min and t, respectively, and k is the first-order rate constant. Half-lives ( t 1/2 ) can be calculated as Eq. 2. As expected, the photodegradation data of HA fitted the first-order kinetic model well with all R 2 values between 0.965 and 0.990 ( Fig. 1 and Table 1) . increasing oxalate concentration up to 1 mM, and then decreased. One hand, the Fe(III)-oxalate complex formed at higher oxalate concentration were thought to have higher photoactivity and may be much more efficiently photolyzed than other species, greatly enhancing HA photodegradation in the presence of oxalic acid. [5] On the other hand, oxalic acid could react with reactive oxygen species (ROS) such as •OH. Thus excess oxalic acid would compete with HA for the available •OH and there is a proper initial concentration of oxalic acid. The similar trend was found in Fig. 1b that when the initial concentration of Fe(III) was in a range of 0.025-0.2 mM, the HA degradation rate increased with increasing Fe(III) dosage with half-lives of 138.6, 69.3, 38.5 and 23.9 min, respectively, and decreased from 0.2 to 0.5 mM with half-lives from 23.9 to 31.5 min. Obviously, there is an optimum concentration of Fe(III) at 0.2 mM. Excessive iron ions are also reactive to •OH and then inhibit HA photodegradation.
From the experimental data shown in Fig. 1 It is well known that metal cations (e.g., Ca 2+ and Mg 2+ ) can be combined with carboxyl, phenolic and hydroxyl functional groups in HA molecules to form metal-HA complexes [1] . As can be seen from Fig.2a and b or Mg 2+ in solution means more H 2 O 2 consumption, resulting in declining •OH production and reducing degradation rate of HA. Comparing Fig.2a with Fig.2b, 
Conclusions
The reaction kinetics of HA photodegradation fitted the first-order reaction and the photolysis efficiency was dependent on Fe(III) and oxalate concentrations. The optimum degradation rate of HA (10 mg/L) is 88.9% after 75 min irradiation with the short half-lives of 24.8 min at a Fe(III)/oxalate ratio of 0.2/0.5 mM. 
